Six new naturally occurring ajugarin-like neo-clerodane diterpenoids, ajugaflorins A-F, along with six known compounds [the parent ajugarin I, ajugalides B and C, ajugamarin F4, ajugamacrin E, and ajugatakasin B] were isolated from A. macrosperma var. breviflora. The structures were elucidated by extensive NMR spectroscopic and MS analyses and comparison with data previously reported.
substitution (Table 1) . On the basis of 1 H- 13 C HMBC cross signals [δ H 4.38/4.74 (H 2 -19) and δ H 2.12 (CH 3 ) to the same δ C 171.0 (C=O) signal], an acetoxy group [δ H 2.12 (CH 3 C=O); δ C 171.0 (C=O), 21 .0 (CH 3 C=O)] was confirmed as the C-19 substituent. Similarly, a δ H 5.32/δ C 175.1 cross signal established a 2-methylbutyryloxy group [δ H 1.08 (d, CH 3 )/δ C 16.3 and δ H 0.87 (t, CH 3 )/ δ C 11.3; δ H 1.42 and 1.60 (CH 2 )/δ C 26.6; δ H 2.29 (sext, CH)/δ C 41.1 and δ C 175.1 (C=O)] as a C-3 substituent. Overlapping with other signals did not allow a straightforward assignment of a second acetoxy group [δ H 1.95 (CH 3 C=O); δ C 170.1 (C=O), δ C 21.1, CH 3 C=O)] as a C-6 substituent. In the stereogenic centers 3 and 6, both substituents must be present in the equatorial position to account for the large trans di-axial coupling constant shown by their respective geminal protons (12.1 Hz for H-3 and 10.9 Hz for H-6). A molecular formula, C 29 H 42 O 9 [ESI-MS 573.2534 (C 29 H 42 O 9 K)], matched the number of signals in the 13 C NMR spectrum, accounting for 6 Me, 9 CH 2 , 6 CH, and 8 quaternary carbons (including 3 C=O ester groups). Other characteristic chemical shifts and multiplicities were shown in the 1 H spectra ( Ajugaflorin B (4) showed in its 1 H NMR spectrum (Table 1 ) a large number of similarities to that of 1. In fact, only the 2-methylbutyryloxy substituent pattern was replaced by a one-proton septuplet (δ H 2.47, J = 7.0 Hz) and two methyl doublets (δ H 1.108 and 1.114), pointing out the presence of an iso-butyryloxy group instead. Minor chemical shift changes modified the partial overlapping of the H 2 -16 doublet (δ H 4.74), the H-6 doublet of doublets (δ H 4.76), and the H-19B doublet (δ H 4.73). An apparent two proton quadruplet of doublets (but displaying an anomalous band ratio) at δ H 1.46 was the result of H-2ax and H-10ax overlapping (an "apparent" quadruplet of doublets, J = 12.7; 4.9 Hz and a doublet of doublets, J = 12.7; 3.6 Hz, respectively). The same pattern was obscured in 1 owing to a further overlapping signal (H-3'a). Thus, ajugaflorin B (5) is the new 3β-(iso-butyryloxy)ajugarin I.
Ajugaflorin C (6) also showed in its 1 H NMR spectrum ( (4) , the 12-(2-methylbutyryloxy) analog, also isolated from the extract [15] . Thus, the structure is the new 12-(isobutyryloxy)ajugarin I (6).
Ajugaflorin D (8) showed in its 1 H NMR spectrum the presence of two common singlets for acetoxy groups (δ H 2.10 and 1.96). As in 1, it displayed a quintuplet-like signal at δ H 5.85 (H-14, unsubstituted C-12), and a pair of broad doublets (δ H 2.90 and 2.79) for H 2 -18, supportive of C-3 substitution ( Table 1) . The H-3 doublet of doublets was shifted to δ Ajugaflorins E and F (11 and 12) also showed a large number of similarities to 1 in their 1 H NMR spectra ( Table 1 ). The 2-methylbutyryloxy substituent pattern appeared again, and one doublet for H-18B was supportive of C-3 substitution. Ajugaflorin E (11) also featured a δ H 4.74 doublet (H 2 -16) partly overlapping with a δ H 4.72 doublet of doublets (H-6) and a δ H 4.74 doublet (H-19B), the H 2 -18 AB system (δ H 2.58 and 2.82), the H 3 -17 doublet (δ H 0.85), and the H 3 -20 singlet (δ H 0.80). However, H-3 appeared as a δ H 5.26 doublet (J = 9.8 Hz) compared with δ H 5.32 (doublet of doublets in 1), which pointed out a further substitution at the vicinal C-2. The H-2 signal was observed as a triplet (apparent) of doublets at δ H 3.68, indicative of an equatorial α-hydroxyl group resulting in the substitution pattern of ajugapitin [18] for ring A. Thus, ajugaflorin E (11) is the new 2α-hydroxy-3β-(2-methylbutyryloxy) ajugarin I.
Ajugaflorin F (12) displayed in the decalin system a close pattern of chemical shifts and multiplicities as in 1, except in the vicinity of the side chain (Table 1) . A triplet (apparent) of doublets for the H-14 signal (δ H 5.95) and the chemical shift of H-12 (δ H 4.78, dd) were supportive of a C-12 hydroxy-substituted compound, as in The structural elucidation of ajugamacrin E (2) [10] , ajugatakasin B (3) [14] , ajugamarin F4 (5) [15] , ajugalides B (7) and C (9) [16] , and the parent ajugarin I (10) [17] was based on 1 H NMR data in agreement with those previously reported.
Experimental
General experimental procedures: Optical rotations were measured in a Perkin-Elmer 341 polarimeter.
1 H NMR (499.81 MHz) and 13 C NMR (100.62 MHz) spectra were recorded on Inova 500/Mercury 400 spectrometers (Varian, Zug, Switzerland) using special low volume NMR tubes when required (Shigemi Co., Ltd., Tokyo, Japan: BMS-05 micro tube) in CDCl 3 under standard 1D and 2D conditions and pulse sequences. The HPLC work was performed on an Alliance 2695 apparatus coupled with a 996 UV diode array detector (Waters Corporation, Milford, MA). GEMINI 250 mm 5µm C 18 110Å columns (Phenomenex, Torrance, CA) were used for analytical Every fraction collected was further injected in analytical conditions and similar fractions combined before solvent evaporation. A C 18 guard column was coupled to protect the integrity of the columns, both analytical and semi-preparative. Solvents used for extraction and chromatographic procedures were HPLC grade (Merck, Darmstadt, Germany), and water used in mobile phase mixtures was Milli Q (Millipore R, Billerica, MA). Silica gel 60 F 254 aluminum sheets (Merck, Darmstadt, Germany) were used for TLC monitoring or further purification. New diterpenes were injected into an ACQUITY UPLC® (Waters Corporation) with ACQUITY-TUV and Q-TOF Premier™ mass spectrometer (Waters Corporation) detector, using ACQUITY UPLC BEH C18 1.7 µm 2.1x100 mm (column C), 30ºC, 0.3 mL/min flow, and water-acetonitrile containing a 0.1%, v:v, HCO 2 H mobile phase, starting at 70:30 for 5 min, followed by a 3 min gradient up to 50:50, held for 5 min more and then back to initial conditions in 2 min, followed by 5 more min of column re-equilibration. Positive and negative electrospray ionization were used, and UV absorption recorded at 215 and 360 nm. One µL of 0.1 mg/mL pure compound solutions were injected and referred externally for accurate mass results. Silica gel (a: 60-120 mesh, E-Merck; b: 230-400 mesh, Sigma-Aldrich) was used for column chromatography (CC). Formic acid and solvents used for extraction and CC (HPLC grade) were from Merck (Darmstadt, Germany). Water was produced in-house (Milli-Q Water Purification System, Millipore). CDCl 3 (99.8 % D, <0.01 % H 2 O) was purchased from Euriso-top (Gif-sur-Yvette, France). Extraction and isolation: Powdered air dried whole plants (1 Kg) were extracted with methanol (x3, 5 L; 24 h percolation) at room temperature. The extracts were combined and evaporated under vacuum to give 123.5 g of dark green black crude extract. This was shaken with a mixture of methanol and water (1:1, 1 L) and defatted with n-hexane (x3, 500 mL) and then partitioned against CH 2 Cl 2 (x3, 500 mL). The residue after solvent evaporation (25.0 g out of 26.2) was filtered through a silica gel column (a, 500 g) prepacked in Table 1 Supplementary data: NMR spectra (with enlarged detailed sections for multiplets) are available as "Supplementary Data".
